Introduction
The incidence of subarachnoid haemorrhage is about 10:100000 per year in Western Europe and USA and comprises some 10% of all cases of cerebrovascular disease.' Forty five per cent of patients die within the first 30 days following subarachnoid haemorrhage; nearly two thirds die as a result of the initial haemorrhage and most within the first two days.2 Despite vigorous therapeutic efforts, the mortality rate from subarachnoid haemorrhage remains high. A greater understanding of the basic mechanisms and pathology of subarachnoid haemorrhage may lead to more effective prevention and therapeutic strategies.
This leader reviews the causes and results of subarachnoid haemorrhage and examines how myths surrounding subarachnoid haemorrhage and saccular aneurysms have been dispelled by the introduction of new techniques and more reliable clinical and epidemiological data.
Outcome of subarachnoid haemorrhage Subarachnoid haemorrhage occurs mainly between the ages of 40 and 60 years and is more common in women than men by a proportion of 2-3:1.' Characteristically, there is a sudden onset of severe headache, frequently concentrated in the occipital region; patients may or may not lose consciousness. Diagnosis is made by detecting blood in the subarachnoid space by computed tomography (CT) or by the presence of fresh or altered blood in the cerebrospinal fluid (CSF). The Willis may reveal the aneurysm or may facilitate dissection of the aneurysm in the fixed brain. Ifthe blood clot around the aneurysm is allowed to harden by fixation, the aneurysm may be difficult to locate or it may be damaged during the removal of the solidified blood clot.
Multiple aneurysms occur in 25% of cases.'
In the series of 109 ruptured aneurysms reported by Inagawa and Hirano,4 17% were less than 4mm in diameter, 40% were 5-9 mm, and 38% were 10mm or larger in diameter. Giant aneurysms, greater than 25mm in diameter, also occur. One third of aneurysms bleed and others present as mass lesions, either compressing the brain or resulting in temporal lobe epilepsy and in other focal neurological signs.
Often with a thick fibrous and calcified wall, giant aneurysms may be filled with partly organised lamellated thrombus and appear as dense, rounded bodies on CT scan. Angiography may show a lumen very much smaller than the total capacity of the aneurysm.
If the results of angiography are available, they usually greatly facilitate the location of a saccular aneurysm at necropsy. Whether the location of the aneurysm is known or not, there are two major choices for examination of the brain. The circle of Willis and its major branches can be dissected free from the brain and the location of the aneurysm firmly identified on the exposed vessels. However, this procedure interferes with the relations among the aneurysm, the brain and the haemorrhage. Furthermore, if the ruptured aneurysm is very small, it may not be detectable on the dissected circle of Willis. Alternatively, therefore, it is often best to section the fixed brain coronally in 1 cm slices, find the point of haemorrhage to locate the aneurysm and then examine it macroscopically and histologically in relation to the artery and adjacent brain. In this way, the full effects of the ruptured aneurysm on the brain can be recorded more accurately.
In many cases of ruptured saccular aneurysm there is significant intraventricular or intracerebral haemorrhage. In a necropsy study of 133 patients with ruptured saccular aneurysms,4 intraventricular haemorrhage was observed in 40%, half of which were caused by rupture of an anterior communicating artery aneurysm either through the inferior medial portion of the frontal lobe or through the corpus callosum. Intracerebral haemorrhage was seen in 39% of cases, caused by middle cerebral artery aneurysms in half of these. Treatment Therapy in subarachnoid haemorrhage is directed mainly towards prevention of neuronal damage in the brain and rebleeding from the aneurysm (fig 2) . Nimodipine, a calcium channel blocker, is administered within the first 96 Two major myths are associated with the origin and formation of saccular aneurysms. One is that the aneurysms are congenital and the other is that hypertension is the major contributing factor. Saccular aneurysms are still often referred to as "congenital" aneurysms but less than 10% are encountered in subjects under 30 years of age and less than 5% in those under 20 years of age.' There is some familial clustering of aneurysms but this is uncommon.2' The major familial association of saccular aneurysms is with autosomal dominant polycystic kidney disease with an incidence of aneurysms of 10% in asymptomatic relatives. A number of other inherited disorders have been associated with 21 ayo hc a intracranial aneurysms, many of which may be associated with structural abnormalities of the arterial walls. Aneurysms on cerebral arteries can be induced in experimental animals by a combination of altered haemodynamic stress and weakening of the arterial walls. This is effected by ligating the common carotid artery on one side, making the animals hypertensive and feeding them with the lathyrogen 3-aminoproprionitrile.22
In the great majority ofpatients with saccular aneurysms, no predisposing factors can be detected clinically, although smoking and hypercholesterolaemia are important risk factors associated with ruptured cerebral aneurysms; a history ofhypertension is ofless importance. '6 The assumption that saccular aneurysms are congenital arose from the observation that gaps occurred in the smooth muscle tunica media of cerebral arteries at the carina where vessels branched.23 Similar gaps in the media have been described in arteries in other organs of the body.24 It was thought, however, that the gaps presented points of weakness which led directly to the formation of saccular aneurysms. In a survey of cerebral artery bifurcations in subjects between one and 80 years of age, gaps in the media at the distal carina of bifurcations were found in 60% of cases, and the gaps enlarged with increasing age.24 The same survey showed that intimal pads, with duplication and fragmentation of the internal elastic lamina, formed at the bifurcations and proximal to bifurcations in arteries of older patients. Such pads were seen at 22% of bifurcations by 10 years of age and at 60% of bifurcations over the age of 30 years.24 The increase in luminal pads proximal to and at bifurcations of cerebral arteries with age has two major effects. Firstly, the pads induce focal loss of elasticity of the arterial wall and, secondly, the shape of the carina of the artery changes to become more rounded (fig 3) . Theoretically, the changes at the bifurcation could alter the direction of haemodynamic forces on the carina so that haemodynamic stress may be more directed at the rounded apex of the carina (fig 3) . In this way, the rounded carina is gradually pushed out to form an aneurysm at the point of vessel branching (fig 3) . Histological examination shows how the smooth muscle coat and the elastic lamina of the artery stop abruptly at the neck of the saccular aneurysm. ' In conclusion, pathologists have an important role to play in increasing our understanding of the multiple factors in the environment, in the structure and branching patterns ofthe circle of Willis, and in the genetic make-up of subjects that result in the formation and rupture of saccular aneurysms. Such an understanding will allow preventative measures to be adopted to help reduce the very high mortality and morbidity associated with sac-
